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Abstract. Indonesia maritime continent has the formation of clouds that can develop and evolution into MCSs
(Mesoscale Convective System). Asian-Australian monsoon has an important influence in determining activities of
MCSs. Research gap is analysis of relation between monsoon and MCSs in East Java where is greatly influenced
by the monsoon. The data are weather satellite of Himawari, zonal wind and meridional wind ERA-Interim Model
850 mb. Determination of the MCSs follows the physical characteristics in the Maddox algorithm and the AUSMI
index follows the Kajikawa algorithm. The method used is quantitative analysis of coefficient of correlation and
determination, and qualitative in the form of descriptive analytic. It can be known that the Asian-Australian monsoon
has weak influence on the MCSs in the East Java. AUSMI index has the same pattern and phase with frequency of
MCSs on seasonal. The frequency of MCSs Meso-f is more dominant than Meso-a and the foremost life duration
is 1-3 hours. The spatial distribution of MCSs Meso-f3 is more evenly distributed than MCSs Meso-a which only
occur at certain times and point. The area that has a strong intensity of the occurrence of the most dominant MCSs
is Southwestern of East Java.

Keywords: East Java; MCSs; Model; Monsoon; Satellite.

I. INTRODUCTION

The maritime continent of Indonesia is one of the tropical
areas that has strong convective activity [1], [2], including
the East Java region. This triggers the formation of
convective clouds and can evolve and develop into a
convective system in the form of MCSs (Mesoscale
Convective System) [3]. MCSs are collections of clouds
in certain areas (persistent areas) consisting of multi-cell
thunderstorm clouds so that they can produce
precipitation, have a length of more than 100 km and move
in one direction [4], [5].

The Deep Convective process in tropical ocean areas [6],
[7] consists of several Cumulonimbus clouds that have a
base in the form of cirrus clouds with outflow in high
layers [8]. When viewed from the number of cells, MCSs
can be in the form of single cells, multicell, and supercells
[9], [10], [11], [12]. Single cells have a life span of 20-30
minutes which can trigger bad weather, such as
downbursts, hail, heavy rain, and tornadoes with weak
intensity. While the combination of these single cells can
form multiple cells that can trigger moderate hail and flash
floods. Super cells are collections of storm clouds

accompanied by updraft rotation that can result in strong
downbursts, flash floods, and tornadoes.

The shape of MCSs in tropical regions can be circular and
linear [13]. However, if MCSs are reviewed spatially, they
can be classified into the Meso-f scale and the Meso-a
scale. MCSs with a length of 25-250 km and a life duration
of <6 hours are included in the Meso-f scale. While MCSs
with a length of 250-2500 km and a life duration of > 6
hours are included in the Meso-a scale. The MCS
identification process can use IR weather satellites [14],
[15], [16], [17], namely by utilizing cloud top
temperatures as observation objects.

Research of MCSs in Indonesia refers to the Maddox
algorithm [13], namely with different locations, times, and
methods analysis [18], [19], [20], [21], [22], [23].
However, some studies modify the physical characteristics
of the algorithm to suit the conditions in the maritime
continent [24], [25], [26], [27], [28], [29], [30]. Including
MCSs in the form of QLCS (Quasi Linear Convective
System). It can cause quite significant damage [31], [32],
including strong winds and heavy rain. Research [26]
states that MCSs with a circular shape in the form of MCSs
that occurred in Jakarta on January 17, 2013 produced
rainfall of 193 mm in 3 hours which is categorized as very
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heavy rain according to BMKG (Meteorology,
Climatology and Geophysics Agency). In addition, the
MCSs phenomenon is influenced by monsoon activity
[33], [34], [35], [36].

The maximum frequency of occurrence of Meso-a MCSs
(Mesoscale Convective Complex/MCC) in the Indonesian
region follows the seasonal radiation cycle and its
movement follows the movement pattern of the Asian and
Australian Monsoon systems [37]. MCSs precipitation is
most prominent during Asia Monsoon and less dominant
during Australia Monsoon [38], [39], [40]. That is
December—January—February (DJF) season during Asia
Monsoon and June—July—August (JJA) season during
Australian  Monsoon. Therefore, monsoon has an
influence on the occurrence of MCSs.

The gap of research is analysis of relation between
monsoon and mcs, including in East Java. Where the
region is one of the regions that is greatly influenced by
the monsoon phenomenon. That is the research problem
that will be solved in this research.

Monsoon is a phenomenon that occurs in the wind system
in tropical areas, where the wind direction moves in the
opposite direction seasonally so that it affects the
conditions of summer (summer rainfall) and winter (dry
winter) [41], [42]. Monsoon activity results in differences
in precipitation in a region and is in accordance with
seasonal wind shifts [5].

Method to determine monsoon activity in the Asia-
Australia region is to use the AUSMI (Australian
Monsoon Index) index [43]. The AUSMI index is
determined by calculating the average value of zonal
winds at an altitude of 850 millibars in the area between
5-15° LS and 110-130° BT. The index can represent the
variability of Monsoonal rainfall in parts of the Indonesian
Maritime Continent and Northern Australia, including in
the East Java region. Research of the AUSMI index is
widely applied in Indonesia [44], [45], [46], [47]. The
AUSMI index has very strong performance in the areas
where the index is defined, including in East Java [48].

Therefore, the author conducted a study related to the
influence of the Asian-Australian Monsoon on MCSs in
the East Java region. It is hoped that with this study, it can
determine the frequency of MCSs influenced by the
Asian-Australian monsoon both spatially and temporally.
Thus, the potential for disasters from the impacts caused
can be reduced.

II. METHODOLOGY

2.1 Study Area Description

The research area domain used is the East Java region with
an area coverage of 5.54°t0 9.37° S and 110.83° to 114.72°
E as shown in Figure 1.
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Figure 1. Research Area Domain

2.2 Materials

The data used in this study include Himawari Satellite
data, ERA-Interim Model Reanalysis, and Rainfall.
Himawari Satellite data on the infrared channel (IR1) in
the period 2014-2018 (for 5 years) with portable gray map
format (.pgm) and its calibration (.dat) obtained from
Kochi University. The data can be accessed via
http://weather.is.kochi-u.ac.jp/archive-e.html.

Zonal (u) and meridional (v) wind reanalysis data of the
ERA-Interim model for the period 1988-2018 (for 30
years) in NetCDF (.nc) format obtained from ECMWF
(European Centre for Medium-Range Weather Forecasts).
The data can be accessed via https:/apps-
dev.ecmwf.int/datasets/data/interim-full-
daily/levty%20pe=sfc/

Observation rainfall data of Tanjung Perak Maritime
Meteorology Station (ID 96937) and East Java
Climatology Station (ID 96943) monthly for 30 years
(1989-2018). The data was obtained from BMKG.

2.3 Research Design

a) Identification of MCSs Using Himawari Satellite

IR satellite imagery data is selected for temperature
(Temperature Black Body/TBB) that has a value of
less than 221 K (-52° C) [13]. This temperature states
the largest temperature limit of a cloud area in MCSs.
In Meso-f MCSs, an area is selected that has a length
of 25 km (area of 490.625 km?) or close to 16 pixels,
up to a length of 250 km (area of 4,9062.5 km?) or
close to 1622 pixels. Furthermore, in Meso-a MCSs
for a length of 250 km (area of 49062.5 km?) around
1622 pixels, up to a length of 2500 km (area of
4,906,250 km?) around 162,152 pixels.

Find the center point of the selected area. The center
point is the center of mass of the area that is connected
to each other between pixels. The formula used to
determine the center of mass is as shown by equations
(1) and (2) [49].
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X; is i-th pixel at X axis. ¥; is i-th pixel at Y axis. Xj is
centre of X (Centroid X). Yy is centre of ¥ (Centroid Y).
N is total area/total piksel. And i is i-th data.

The next step is to filter the shape of the MCSs
convective cloud system with a quasi-circular shape.
Therefore, an eccentricity value of > 0.7 is used. The
eccentricity value is a measure of the degree of ovality
of a shape. In this case, the eccentricity method used is
Least Square [50].

The eccentricity value (g) is the ratio of the distance
between the horizontal and vertical axis values. If the
value is > 1, then the ratio is calculated the other way
around so that the value is always < 1. Where the value
= 1 indicates a shape that is close to a circle and the
value = 0 indicates an oval shape.
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o 1is direction (regression coefficient). f is angle
formed by a line with a horizontal axis. lat; is latitude
coordinate of i-th pixel. /on; is longitude coordinate i-
th pixel. N is total area or total pixel. xx; is X axis
coordinate of i-th point. yy; is y axis coordinate of i-th
point. xx(max) is maximum value of x. xx(min) is
minimum value of x. yy(max) is maximum value of y.
yy(min) is minimum value of y. € is eccentricity value.
i is i-th data.

The lifetime selection is carried out on the cloud
cluster, namely 1-3 hours, 4-5 hours, and > 6 hours.
The duration applies to Meso-o. and Meso-§ MCSs.
The lifetime is calculated based on the results of
satellite observations of MCSs at consecutive times as
shown in Figure 2.
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Figure 2. Simulation Determine MCSs Life Time
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TABEL 1. MODIFICATION OF PHYSICAL CHARACTERISTIC OF MCSS

Parameter Meso-a Meso-f
TBB (Temperature of o
Black Body) LR )
Length Size 250 — 2500 km ‘ 25 —250 km
Eccentricity >0,7
Life Time 1-3 hour , 4-5 hour, and > 6 hour

b) Identification of Asia-Australia Monsoon with

AUSMI Indeks using ERA-Interim

Determination of the AUSMI index by calculating the
average value of zonal winds at an altitude of 850 mb
in the area between 5—15° LS and 110-130° BT [43]
for 30 years (1998-2018). The determination is carried
out seasonally (interannually), namely DIJF
(December, January, February), MAM (March, April,
May), JJA (June, July, August), and SON (September,
October, November).

Relation Analysis Technique of MCSs and Asia-
Australia Monsoon

In analyzing the relationship between MCSs and
Monsoon, several stages were carried out, including a
comparison of AUSMI index data with rainfall
observations from Meteorological Station of Tanjung
Perak (Stamar Perak) and Climatological Station of
Karangploso (Staklim Karangploso) in the form of a
time scale graph. The frequency distribution of MCSs
and AUSMI indexes seasonally for 5 years (2014-
2018) is depicted in a graph against time. So that the
variability between phenomena for Meso-a and Meso-
B MCSs can be known. A review of the data center size
in the boxplot diagram was carried out, including the
average, quartiles 1-3, quartile range, maximum value
and minimum value. Spatial mapping of MCSs
distribution was carried out. In addition, interpolation
was carried out using the krigging method to determine
the intensity of the frequency of MCSs occurrence. So
that areas with strong and weak intensity of MCSs can
be identified. An analysis was carried out regarding the
relationship between MCSs and the seasonal AUSMI
index. This relationship is expressed by the correlation
value as shown in equation 9. An analysis was carried
out regarding the large role of monsoons on MCSs
using the coefficient of determination in equation 10.

Yo, (xi—%) (=) 9)

|r| = = e ——
R 09

KD = r?

|[r] is correlation value. KD is coefficient of
determination. y; is index value of AUSMIL. x; is total
frequency of MCSs. ), is mean indexs value of
AUSML. X, is mean frequency of MCSs. r is total data.
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TABEL 2. CORRELATION VALUE

16 0.93 7192 112.75 -7.82
Value ‘ Relation 17 0.97 8507 112.5 -7.83
0.00 - 0.19 Very Weak
2.00 039 Woak 18 0.97 9319 112.26 -7.92
4.00 - 0.59 \ Medium 19 0.76 10252 112.25 -7.92
6.00 - 0.79 Strong
8.00 — 1.00 \ Very Strong 3.2 Case of MCSs Meso-f3
Meso-p MCSs with a length of 25-250 km were
e RESULT observed on January 2, 2018 at 10.00-12.00 UTC

3.1 Case Study of MCSs Meso-a

MCSs Meso-a with a length of 250-2500 km were
observed on January 1, 2015 at 12.00-19.00 UTC (life
time 8 hours) with physical characteristics as in Table
3 and spatial distribution of temperature of black body
(IR1 channel) as in Figure 3.

12UTC 13 UTC

.(g)« : .(h).

_oC

~80 =70 65 -60 =) -82

Figure 3. Case Study of MCSs Meso-o on 1 Januari 2015 (a) 12 UTC,
(b) 13 UTC, (c) 14 UTC, (d) 15 UTC, (e) 16 UTC, (f) 17 UTC, (g) 18
UTC, dan (h) 19 UTC

TABEL 3. KARAKTERISTIK MCSS MESO-A TANGGAL 1 JANUARI 2015

Hour € Pixel Long Lat
12 0.71 4796 112.83 -8.17
13 0.93 4953 112.79 -8.15
14 0.95 5007 112.65 -8.17
15 0.99 5285 112.39 -8.09

(lifetime 3 hours) with physical characteristics as in
Table 4 and spatial distribution of cloud top
temperature (IR1 channel) as in Figure 4.
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Figure 4. Case Study of MCSs Meso-$ on 2 Januari 2015 jam (a) 10
UTC, (b) 11 UTC, dan (¢) 12 UTC

TABEL 4. KARAKTERISTIK MCSS MESO-B TANGGAL 2 JANUARI 2018

Hour € Pixel Long Lat
10 0.91 1412 112.27 -8.58
11 0.94 1164 111.78 -8.44
12 0.89 1009 111.33 -8.25

T )

3.3 Comparison AUSMI Index and Rainfall Observation

Based on the results of processing 850 mb layer wind
data from ECMWF in the AUSMI region (5-15° LS
and 110-130° BT), the relationship with observed
rainfall can be seen as shown in Figure 5.
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Figure 5. Comparison of AUSMI Index and Rainfall Observation in
Jawa Timur Climatological Station (96943) and Tanjung Perak
Meteorological Observation (96937)

From the graph, it can be seen that the AUSMI index
has a strong relationship with the rainfall pattern in
Staklim Malang and Stamar Perak. It is observed from
the line pattern formed based on a time scale of 30
years. The correlation between the AUSMI index and
rainfall in Staklim Malang shows a strong relationship,
which is 0.68. In addition, it is followed by a
correlation between the AUSMI index and rainfall in

Jurnal Penginderaan Jauh dan Pengolahan Data Citra Digital Vol. 19 No. 1
DOI: 10.12962/inderaja.v19i1.5136

21 of 31



Firdianto, P., U.; et.al. (2025). Spatial Temporal Analysis of Mesoscale Convective System to Asia ..

Jauh dan Pengolahan Data Citra Digital, 19(1), 18-31

3.4

Stamar Perak which is included in the strong category,
which is 0.75. It can be concluded that the AUSMI
index has a strong relation with rainfall in East Java.

Streamline of 850 mb at Asia-Australia Monsoon

Figure 6. Spatial distribution of 850 mb layer winds seasonally a) DJF
(December, January, February), b) MAM (March, April, May), ¢) JJA

3.5

(June, July, August), d) SON (September, November, December).

From Figure 6, it can be seen that there are changes in
wind direction and speed every month. In the
December-Januari-February (DJF) month, the wind
direction comes from the West which indicates the
Asian (Western) monsoon and the flow of air masses
from West to East. During the season transition, the
wind direction in March-April-May (MAM) changes
from East-Southeast which indicates the occurrence of
the Australian (Eastern) monsoon. In Juni-July-August
(JJA), the wind direction comes from the East-
Southeast which indicates the Australian (Western)
monsoon and the flow of air masses from West to East.
In the next season transition, the wind direction in
September-October-November (SON) tends to remain
from the East-Southeast, indicating that the influence
of the Australian monsoon is still quite strong.
Therefore, in general it can be seen that the East Java
region tends to be dominated by the Australian
(Western) monsoon which is marked by the East wind
blowing longer than the Westerly wind. The East wind
blows in the months of MAM-SON. While the
Westerly wind only blows in the month of DJF.

Temporal Fluctuation of MCSs

From Figure 7a, it can be seen that the highest number
of MCSs events in the 2014-2018 period occurred in
DIJF 2014, which was 183 events. Graph 7a can be
viewed from the changes in the number of MCSs
events that occurred. In DJF-MAM 2014, there was a
significant decrease in the number of events from 183
events to 55 events. In MAM-JJA 2014, the number of
events tended to remain the same. In SON 2014 and
DIJF 2015, the number of events was quite significant,

. Jurnal Penginderaan

between 120-135 events. In DJF-MAM, there was a
very significant decrease in the number of events from
120 to 23 events. In MAM-SON 2015, there was a
gradual increase in the number of events. In DJF-
MAM 2016, the number of events remained the same,
namely 31 events. In MAM 2016-DJF 2017, the
number of events increased gradually, from 31 events
to 162 events. In MAM-SON 2017, the number of
events tended to remain constant, between 97-101
events. In DJF-JJA, the number of events decreased
gradually.
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Figure 7. Temporal fluctuations of MCSs frequency per unit time a)

based on Meso-o and Meso-f types, b) based on Meso-a lifetime, and

¢) based on Meso-f3 lifetime.

From Figure 7b, it can be seen that the highest number
of Meso-a MCSs events in the 2014-2018 period
occurred in DJF 2018, which was 14 events. The graph
can be viewed from the changes in the number of
MCSs events that occurred. In DJF-MAM 2014, there
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was a significant decrease in the number of events
from 12 events to 2 events. In MAM-JJA 2014, the
number of events increased quite significantly. This
has a similar pattern to the increase in SON 2014-DJF
2015. In DJF-MAM 2015, the number of events
decreased very significantly, from 11 events to zero
events. In MAM-SON 2015, the number of events
increased gradually. In SON 2015-MAM 2016, the
number of events increased gradually. In JJA 2016-
DJF 2017, the number of events tended to remain the
same. In MAM-JJA 2017, the number of events
increased and was similar to SON 2017-DJF 2018. In
DJF-JJA, the number of events decreased
significantly, from 14 events to zero events.

From Figure 7c, it can be seen that the highest number
of Meso-f MCSs events in the 2014-2018 period
occurred in DJF 2014, which was 171 events. The
graph can be viewed from the change in the number of
MCSs events that occurred. In DJF-MAM 2014, there
was a significant decrease in the number of events
from 171 events to 53 events. In MAM-JJA 2014, the
number of events tended to remain the same. In SON
2014 and DJF 2015, the number of events was quite
significant, between 131-109 events. In DJF-MAM,
there was a very significant decrease in the number of
events from 109 to 23 events. In MAM-SON 2015,
there was a gradual increase in the number of events.
In DJF-MAM 2016, the number of events remained the
same, at 27-30 events. In MAM 2016-DJF 2017, the
number of events increased gradually, from 30 events
to 155 events. In MAM-SON 2017, the number of
events tended to remain the same, at 87-97 events. In
DIJF-JJA, the number of events decreased gradually.

3.6 Frequency Percentage of MCSs

From Figure 8a, we can see the comparison of Meso-a
and Meso-p MCS percentages seasonally in the period
2014-2018 in the East Java region. It can be seen that
the highest MCS frequency percentage is in the month
of DJF, which is 35% of the total events or 639. The
lowest MCS frequency percentage is in the month of
MAM, which is 16% or 299 events. From Figure 8b,
we can see the comparison of Meso-a MCS
percentages. It can be seen that the highest MCS
frequency percentage is in the month of DJF, which is
39% of the total events or 48. The lowest MCS
frequency percentage is in the months of MAM and
JJA, which is 14% or 11 events. From Figure 8c, we
can see the comparison of Meso-3 MCS percentages
seasonally. It can be seen that the highest percentage
of MCS frequency occurs in the month of DJF, which
is 31% of the total occurrences or 587. The lowest
percentage of MCS frequency occurs in the months of
MAM and JJA, which is 17% or 285 occurrences.

Meso-a dan Meso-B Meso-a

Meso-3
[ | DIF
u MAM
JIA
] SON

Figure 8. Percentage of MCSs frequency against time unit a) Meso-o
and Meso-f, b) Meso-a, and ¢) Meso-f.

3.7 Frequency Distribution of MCSs

From Figure 9a, we can see the comparison of seasonal
MCSs data distribution in the period 2014-2018 in the
East Java region. The data distribution is shown in the
range value, average (stated by the cross symbol),
maximum (stated by the upper vertical line symbol),
minimum (stated by the lower vertical line symbol),
and quartile (1, 2, 3; stated by the circle symbol).

If the average value of all MCSs frequencies in the
period 2014-2015 is carried out, an average value of
90-91 events can be obtained. Meanwhile, if viewed
from the seasonal period, it can be seen that the highest
average value occurs in the month of DJF. This value
is 127 events. The lowest average value occurs in the
month of MMA, which is 59-60 events. In addition, the
level of seasonal MCSs frequency data density in this
period can be seen. The data density is stated by the
quartile range, which is the difference between the
values of the third quartile and the first quartile. The
smallest quartile range value occurred in the month of
JJA, which was 27 events. So that the data in the month
of SON has the highest distribution and data density
level. While the largest quartile range value occurred
in the month of MAM, which was 62 events. So that
the data in the month of MAM has the lowest
distribution and data density level.
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Figure 9. Distribution of MCSs frequency against time units a) Meso-o

and Meso-f, b) Meso-a, and ¢) Meso-f.

From Figure 9b, we can see the comparison of the
distribution of Meso-a MCSs data seasonally. If we
average all MCSs frequencies in the 2014-2015 period,
we can get an average value of 6-7 events per seasonal
period. Meanwhile, if we look at the monthly average
value, we can see that the highest average value occurs
in the DJF month. This value is 9-10 events per
seasonal period. The lowest average value occurs in
the MMA month, which is 2-3 events per month. In
addition, we can see the level of data density of
monthly MCSs frequencies in that period. The smallest
quartile range value occurs in the MAM month, which
is 1 event. So that the data in the JJA month has the
highest distribution and data density level. While the
largest quartile range value occurs in the DJF and JJA

months, which is 5 events. So that the data in the MAM
month has the lowest distribution and data density
level.

From Figure 9c, we can see the comparison of the
distribution of MCSs data seasonally. If we average all
MCSs frequencies in the period 2014-2015, we can get
an average value of 90-91 events per seasonal period.
Meanwhile, if we look at the monthly average value,
we can see that the highest average value occurs in the
month of DJF. This value is 127 events per seasonal
period. The lowest average value occurs in the month
of MMA, which is 59-60 events per month. In
addition, we can see the level of data density of
monthly MCSs frequencies in that period. The smallest
quartile range value occurs in the month of JJA, which
is 27 events. So that the data in the month of SON has
the highest distribution and level of data density. While
the largest quartile range value occurs in the month of
MAM, which is 62 events. So that the data in the
month of MAM has the lowest distribution and level
of data density.

3.8 Spatial Distribution of MCSs
-a fxnd Meso-f

(¢} Polint Evept
[F N

© 1.3 Hour ® 4.5 Hour Weak
= 6 Hour
Figure 10. Spatial distribution of MCSs a) Meso-o and Meso-f
occurrence points, b) Meso-o and Meso-f§ occurrence intensities, c)
Meso-a occurrence points, d) Meso-a occurrence intensity, ) Meso-f
occurrence points, and f) Meso-f occurrence intensity.

Based on the results of satellite data processing on the
Meso-a and Meso- MCSs phenomena in 2014-2018 in
the East Java region, the spatial distribution can be seen as
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shown in Figure 10. The MCSs occurrence point is shown
in Figure 10a with the red circle legend being the Meso-a
MCSs and the blue circle being the Meso-f MCSs. While
the legends in Figures 10c and 10e state the duration of life
of 1-3 hours, 4-5 hours, and >6 hours. The intensity of the
MCSs occurrence is shown in Figures 10b, 10d, and 10f.
The intensity of the occurrence is obtained from the results
of interpolation using the krigging method so that the
distribution of strong (stated in orange) and weak (stated
in yellow) MCSs occurrences can be seen. In addition, the
base map of the East Java region is equipped with
topographic contours and boundary lines for each district
or city.

From Figure 10a, it can be seen that the occurrence of
Meso-f MCSs is more frequent and dominant than the
occurrence of Meso-a MCSs. Meso-3 MCSs occur evenly
throughout almost all of East Java. While Meso-a MCSs
only occur in certain areas. The frequency of Meso-a
MCSs decreases around Madura Island and the North Java
Sea. Meanwhile, if viewed from the intensity of the
occurrence in Figure 10b, several areas have a strong
frequency of Meso-a and Meso-f MCSs including Kediri
Regency, Kediri City, Blitar City, Ponorogo Regency and
part of Situbondo Regency.

From Figure 10c, it can be seen that the occurrence of
Meso-a MCSs for a duration of 1-3 hours is more frequent
and dominant than for a duration of 4-5 hours and > 6
hours. Meso-a MCSs with a duration of 1-3 hours occur
evenly throughout almost all of East Java, except on
Madura Island. Meanwhile, Meso-o MCSs with a duration
of 4-5 hours and > 6 hours only occur in certain areas. If
viewed from the intensity of the occurrence in Figure 10d,
several areas have a strong frequency of Meso-o. MCSs,
including parts of Madiun, Nganjuk, Ponorogo,
Trenggalek, Tulungagung, Kediri, Blitar, Bondowoso,
Situbondo and Banyuwangi Regencies. While other areas
have weak intensity.

From Figure 10e, it can be seen that the occurrence of
Meso-p MCSs for a duration of 1-3 hours is more and
dominates than for a duration of 4-5 hours and > 6 hours.
Meso-p MCSs with a duration of 1-3 hours occur evenly
throughout almost all of East Java. Meanwhile, Meso-f3
MCSs with a duration of 4-5 hours and > 6 hours only
occur in certain areas. Meanwhile, if viewed from the
intensity of the occurrence in Figure 10f, several areas
have a strong frequency of Meso-f MCSs, including parts
of Pacitan, Trenggalek, Ponorogo, Tulungagung, Kediri,
Nganjuk, Blitar, Lumajang, Probolinggo, Banyuwangi,
Pasuruan, Jombang, Lamongan, and Sumenep Regencies.

3.9 Seasonal Spatial Distribution of MCSs

From Figure 11, it can be seen that there are changes in the
distribution of MCSs each season. In the month of DJF,
the frequency of Meso-a and Meso- MCSs tends to be
high and is spread quite evenly in the East Java region.

During this period, Meso-o MCSs only occur in certain
areas, including Ponorogo, Kediri, Malang, Probolinggo,
Bondowoso, and Banyuwangi Regencies. In addition,
Meso-o. MCSs occur in the waters of East Java in the
Northwest, East, Southwest, Southeast, and Madura Strait.
Meanwhile, in the waters of the Northeast, there is no such
phenomenon. In the month of MAM, the frequency tends
to decrease. It can be observed that there are quite
significant changes in Meso-a MCSs. This incident
occurred in the areas of Jombang, Tulungagung, and
Pacitan Regencies. Meanwhile, Meso-f MCSs still have a
fairly even distribution.

In the month of JJA, the frequency increased slightly. The
arecas where Meso-a MCSs occur include Tuban,
Bojonegoro, Lamongan, Pacitan, Trenggalek,
Tulungagung, Jombang, Pasuruan, and Luamajang
Regencies. In the month of SON, the frequency of Meso-
o and Meso-PB experienced a significant increase so that
the accumulation of events tended to be quite high. The
areas where Meso-a MCSs occurred include Bojonegoro,
Gresik, Sidoarjo, Kediri, Ponorogo, Blitar, Malang, and
Jember. Meanwhile, Meso- MCSs still have a fairly even
distribution.

© ' ' @)

® MCSs Meso-a O MCSs Meso-B

Figure 11. Spatial distribution of MCSs seasonally a) DJF months, b)
MAM months, ¢) JJA months, and SON months.

Therefore, it can be generally known that during the Asian
monsoon (DJF month) there is an increase in the frequency
of MCSs in the North and Southeast parts of East Java
compared to the Australian monsoon (JJA month). While
during the monsoon transition in the SON month there is
an increase in the frequency of MCSs in the Central, East,
and Southeast parts of East Java compared to the monsoon
transition in the MAM month.

3.10Period Analysis of MCSs Meso-o. and MCSs Meso-f3

Based on the MCS frequency data in Figure 7a, it can be
seen that the frequency of Meso-f§ MCSs is very dominant
compared to Meso-a MCSs. In addition, the number of
Meso-a and Meso-§ MCSs events has the most dominant
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life phase of 1-3 hours. This is due to the less strong
convective energy occurring in the East Java region. In
general, this energy is only up to a certain magnitude so
that dominant MCSs are formed only up to a scale of 25-
250 km with a short life duration. However, when the
energy is large, MCSs of 250-2500 km can be formed. The
low convective energy is caused by the low supply of
water vapor as the main ingredient in the formation of the
Meso-scale convection system [S1]. When the Asian
monsoon is wet, water vapor tends to dominate in Sumatra
and Kalimantan so that the water vapor content in the East
Java region decreases. Meanwhile, water vapor from the
Indian Ocean has difficulty reaching the East Java region
because of the dry Australian monsoon.

3.11Coefficient Correlation of Frequency MCSs and
Monsoon

In Figure 12c, the change in the number of Meso-3 MCSs
and the AUSMI index is similar to the change in the
number of MCSs as a whole. While for Meso-a MCSs, in
general they still follow the AUSMI index phase but with
a weaker relationship as shown in Figure 12b.

Statistically, the correlation between the frequency of
MCSs and the seasonal AUSMI index is 0.473. The
correlation between the frequency of Meso-f MCSs and
the seasonal AUSMI index is 0.461. The correlation
between the frequency of Meso-a MCSs and the seasonal
AUSMI index is 0.398. The correlation values can be
categorized as very moderate relationships. However,
because the value is positive, it means that the frequency
of MCSs has the same phase as the AUSMI index.

Meso-a and Meso-B
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Figure 12. Comparison of MCSs Frequency and AUSMI Index a)
Meso-a and Meso-B, b) Meso-a, and ¢) Meso-f.

3.12Regression and Coefficient Determination of
Frequency MCSs and Monsoon
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Figure 13. Comparison of MCSs frequency against AUSMI index
seasonally a) Meso-a and Meso-3, b) Meso-a, and ¢) Meso-f.

In Figure 13, it can be generally seen that the greater the
AUSMI index value, the greater the frequency of MCSs
occurrence. This is indicated by the black trend line. A
positive AUSMI index indicates the occurrence of the
Asian monsoon and a negative AUSMI index indicates the
occurrence of the Australian monsoon. So it can be
concluded that the stronger the intensity of the Asian
monsoon (positive and larger AUSMI index), the higher
the frequency of MCSs that occur. The stronger the
intensity of the Australian monsoon (negative and smaller
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AUSMI index), the lower the frequency of MCSs that
occur. The relationship between the frequency of MCSs
and the AUSMI index can be shown by the gradient of the
line (slope of the line) and the value of the coefficient of
determination.

In addition, the determination value of Figure 13a (MCSs
Meso-a. and Meso-f) is 0.224. This means that the
influence of the Asian-Australian monsoon on the
frequency of MCSs seasonally is 22.4%. The
determination value of Figure 13¢ (MCSs Meso-p) is
0.212. This means that the influence of the Asian-
Australian monsoon on the frequency of MCSs Meso-f3
seasonally is 21.2%. The determination value of Figure
13b (MCSs Meso-a) is 0.159. This means that the
influence of the Asian-Australian monsoon on the
frequency of MCSs Meso-a seasonally is 15.9%.

3.13Spatial Analysis of MCSs on Monsoon Period

The spatial distribution of Meso-p MCSs is more even
than Meso-a MCSs which only occur at certain times and
locations. This is due to the convective process. Areas that
have strong intensity of MCSs include Kediri Regency,
Kediri City, Blitar City, Ponorogo Regency, and part of
Situbondo Regency. Areas that have strong intensity of
Meso-p MCSs include Pacitan, Trenggalek, Ponorogo,
Tulungagung, Kediri, Nganjuk, Blitar, Lumajang,
Probolinggo, = Banyuwangi,  Pasuruan, Jombang,
Lamongan, and Sumenep Regencies. Areas that have
strong intensity of Meso-a MCSs include Madiun,
Nganjuk, Ponorogo, Trenggalek, Tulungagung, Kediri,
Blitar, Bondowoso, Situbondo and Banyuwangi
Regencies.

In general, it can be seen that the area that has the most
dominant strong intensity of MCSs is Southwest East
Java. This is due to the role of water vapor supply from the
Indian Ocean that reaches the region so that MCSs are
formed with high frequency. Warm oceans with large
areas such as the Indian Ocean have a very strong diurnal
cycle so that large convective systems are formed [51]. In
addition, in this region it can be observed that most have a
relatively high altitude than other regions (seen on the
contour of the base map of the East Java region).
Therefore, it is possible that the orographic process plays
a role in increasing the convection process that occurs so
that the power to form the mesoscale convective system is
stronger.

During the Asian monsoon (DJF month) there is an
increase in the frequency of MCSs in the northern and
southeastern parts of East Java compared to the Australian
monsoon (JJA month). Meanwhile, during the monsoon
transition in the SON month, there is an increase in the
frequency of MCSs in the Central, Eastern, and
Southeastern parts of East Java compared to the monsoon
transition in the MAM month.

Iv. DISCUSSION

The case study on Januari 1-2, 2015 provide an overview
of MCSs monitoring using the Himawari Satellite. MCSs
is determined by physical characteristics as in Table 1.
Through that method [37] produces hourly parameter
values in the form of eccentricity, number of pixels,
longitude, and latitude. From these parameters, the
duration of life can be determined based on the hours of
observation and the area of clouds based on the number of
pixels. So it can be classified into MCSs Meso-a and
Meso-f [13].

Comparison AUSMI index and rainfall observation means
the index which have high relation with rainfall in East
Java. This is in consistent with research [46], [48]. So that
rainfall in East Java can be represented by the AUSMI
index. Rainfall is related to the MCS which triggers
extreme weather in area [23], [38].

Atmospheric conditions during Asia and Australia
monsoon periods are represented by streamline 850 mb.
Asia monsoon in December-Januari-February (DJF)
period cause westerlies wind move from the Pacific and
Asia Ocean to Australia Continent. Australia period
causes reverse wind to Easterlies wind which have dry air
mass in Juny-July-August (JJA). That is consistent with
[41], [52], [53].

Temporal fluctuation of MCSs can be seen that the pattern
of changes in the number of Meso-a and Meso-§ MCSs
events is fluctuating [37], [54], which applies when there
is an increase or decrease. This means that there is a
pattern of increase that is always followed by a pattern of
decrease, and a pattern of decrease is always followed by
a pattern of increase within a certain time. Frequency
persentage of MCSs represent DJF season which have the
most event than any other season. Because during its
period the wet air mass from Asia Monsoon moves toward
maritime continent, including East Java. In addition,
frequency distribution of MCSs on its period have the
most variability at presentation on figure 9.

Spatial Distribution of MCSs represent which strongest
intensity area of cloud cluster occurrence is Southwest
East Java. This is due to the role of water vapor supply
from the Indian Ocean that reaches the area so that cloud
clusters are formed with a high frequency. Warm oceans
with large areas such as the Indian Ocean have a very
strong diurnal cycle so that large convective systems are
formed [55]. In addition, in this area it can be observed
that most of them have a relatively high altitude than other
areas. Therefore, it is possible that the orographic process
plays a role in increasing the convection process [56], [57]
that occurs so that the power to form the mesoscale
convective system is getting stronger.

Coefficient Correlation of Frequency MCSs and Monsoon
can be seen that the frequency of MCSs events follows the
AUSMI index phase. When the West monsoon (AUSMI
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index increases), there is an increase in the number of
MCSs events and vice versa. However, in some periods,
the time of change in the number of MCSs events tends to
precede the time of change in the AUSMI index. Solar
radiation plays an important role in the formation of
MCS:s. In the months of SON and DJF, MCSs have the
highest frequency because at that time the sun is dominant
in the East Java region. So that there is high convective
activity. More analysis based on annual movement of the
sun, maximum frequency occurs when the sun is in the
East Java region between mid-October-November. The
apparent annual circulation of the sun is explained by [2],
[52]. In mid-October, the sun has maximum radiation in
the East Java region. Because the ocean as the main source
of water vapor supply has latent heat, the maximum
convection process occurs in November. Therefore, in
general, the maximum frequency of cloud clusters occurs
in November and December.

Regression and Coefficient Determination of Frequency
MCSs and Monsoon can be seen that the Asian-Australian
monsoon has a low contribution to the occurrence of
MCS:s. This can be observed in the correlation coefficient
and determination coefficient which have small values.
There are other factors with a greater role in the formation
of the MCSs phenomenon. This complements the research
[37] which states that there is a role for the monsoon in the
formation of MCSs. In addition, the influence of monsoon
(AUSMI index) on the MCSs seasonally is more
influential than monthly. This is observed from the
gradient of the line and the coefficient of determination
which have higher values during the season than during
the month. Therefore, that due to the presence of other
phenomena with larger oscillation periods that affect the
frequency of cloud clusters, including ENSO (EI-Nino
Southern Oscillation), PDO (Pacific Decadal Oscillation),
QBO (Quasi Biennial Oscillation), and others.
Meanwhile, the intensity of the monsoon greatly affects
the frequency of MCSs Meso-o. When the intensity of the
monsoon is stronger, the number of cloud cluster events
tends to be higher. When the intensity of the monsoon is
weaker, the number of cloud cluster events tends to be
lower.

From all of the method and result of the research have
some limitations of the study. Spatial of MCSs is classified
based on [13], [15], that is 25-250 km for Meso- and 250-
2500 km for Meso-a. Therefore physical characteristic of
MCSs based on [13]. Analysis of Asia and Australia
Monsoon based on the AUSMI index because it has strong
correlation with rainfall in East Java [27]. In addition, East
Java is an area included in the domain of determining the
AUSMI index [43]. Data period is 5 years because it is
considered to represent the characteristics of regional
parameters and the phenomena that occur. The period is a
seasonal (interannual) which in this study began in 2013
(December), 2014-2017 (January-December), and 2018
(January-November).

V. CONCLUSION

The Asian-Australian monsoon has a less significant
influence on the MCSs in the East Java region. This is
indicated by the weak correlation coefficient value and the
small determination coefficient value. However, AUSMI
index has the same pattern and phase as MCSs frequency
seasonally. Contribution of the Asian-Australian monsoon
on the frequency of MCSs Meso-a and Meso-f 22.4%,
Meso-f3 21.2%, and Meso-a 15.9%.

The frequency of MCSs events of Meso-f is very
dominant compared to MCSs of Meso-a. In addition, the
frequency of MCSs events of Meso-a and Meso-f have
the most dominant life phase of 1-3 hours. On seasonally,
MCSs events have a maximum frequency in DJF period
(Asian monsoon). The intensity of the monsoon has quite
an influence on the frequency of MCSs that occur. When
the intensity of the monsoon is stronger, the number of
MCS events tends to be higher. When the monsoon
intensity is getting weaker, the number of MCSs events
tends to be lower.

The spatial distribution of MCSs Meso-f is more even
than MCSs Meso-a which only occur at certain times and
locations. The area with the strongest intensity of MCSs is
the Southwestern of East Java. In addition, it can be seen
that during the Asian monsoon (DJF period) there is an
increase in the frequency of MCSs in the North and
Southeast parts of East Java compared to the Australian
monsoon (JJA month). Meanwhile, during the monsoon
transition in the SON period, there is an increase in the
frequency of MCSs in the Central, East, and Southeast
parts of East Java compared to the monsoon transition in
the MAM month.
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